We present a procedure to infer the mass of progenitors and remnants of Gamma Ray Bursts (GRB), starting from the observed Electromagnetic energy emitted isotropically and considering the associated emission of Gravitatonal Waves (GW) in the different phases. Without making any assumption, we consider a purely empirical energy balance exclusively in GW energy with a GW emitting oblate progenitor, the energy emitted in GW during the GRB phase and the GW energy emitted by the residual object after the GRB (the remnant).
Introduction
We consider here the fraction of LGRBs coming from a collapse resulting in a SN explosion, making the euristic assumption that the energy radiated in GW is a fraction of the total emitted energy.
In cases where the GWs emission comes from a core-collapse process, we cannot predict the exact shape of the emitted GWs signal, but we can have an estimate starting from the energy flux 1 :
where ... indicates a temporal average over a large enough number of periods. The total energy emitted assuming isotropic emission is then
where D is the distance to the source. Thus, in terms of frequencies:
If the frequency distribution of the GRB is peaked around a frequency f GW , as e.g. in a sine-Gaussian waveform, eq. (3) can be written as:
Without making any hypothesis on the mechanism generating GWs in the SN explosion, here we simply assume that the energy emitted in gravitational waves is a fraction k of E GRB iso , we have:
where T 90 is the time in which the 90% of E
GRB iso
is emitted, and so:
In the following we will call "remnant" what remains after GRB phase, being it a NS or a BH. When necessary we will specify the type of remnant we are dealing with. Let us consider a progenitor star of mass M P RG , radius R P RG and oblateness P ROG , rotating with a frequency f P RG = 0.5f P RGGW , and a NS as a remnant after the process of GRB emission with parameters M NS , R NS , NS and f NS . We have that 1 :
The momentum of inertia for a spherical rigid object (considering negligible the quadrupolar oblateness ) is given by:
We can roughly say that the energy emitted in GW by the GRB is given by the difference of the energies emitted in GRB by the progenitor and the remnant, resulting in a similar relationship between the squares of GW amplitudes. From eqs.
(6), (7), (8), (9), we can very roughly write, in terms of the only observables, i.e. E
and T90:
Genetic controlled random search algorithm for GRB progenitor masses estimate
Our aim is to find the best progenitor mass and the type of remnant star, starting from the observed E GRB iso . Given (Eq. (10) we see that, from the observed E
GRB iso
we must infer ten parameters. To solve the problem we use an algorithm that is capable to find the global minimum of a multivariable function. We used a simplified simplex algorithm: the controlled random search (CRS) algorithm and, to improve its performances, we used a genetic modification of the search procedure making the software more resilient to local minima 2-5 . Since we have 10 parameters to estimate from only 2 observables, for each observed GRB, we generate a large number N GRB of E iso values extracted randomly from a Gaussian distribution with mean value E iso Obs and standard deviation σ Eiso given by the observed measurement error; then we build the objective function to minimize, using the reduced χ 
where E iso [Obs,C] are the observed and computed E iso obtained from Eq. (10) as a function of the parameters to find. Finally we minimize χ 
Results
We selected a sample of 237 long GRBs, detected by the Swift satellite 6 from January 2005 to May 2014 with known redshifts, that we then analyzed. This sample is an extended sample as from Refs. 7,8 where GRBs with plateaus are presented. In Table 1 the sample GRB data range, that we analyzed, is shown. Considering the above mentioned sample of long GRBs and according to the hypotheses we made, it is possible to infer the physical parameters of the GRB progenitor with their errors. We allow the parameters to vary in 4 possible regions of solutions according to the Table 3 . Parameters common to the different model of Table 2 useful to initialize the domain of possible solutions. grids of stellar models, that we call models 1-4: The mean results of parameters common to the different models of Table 2 are shown in Table 3 . By comparing the emission of GW from the remnants with the sensitivity curves of the GW detectors: LIGO, VIRGO Advanced Ligo AdvVirgo (Fig. 3) , where an interesting prediction of a remnant population of either millisecond pulsar (Model 1-Model 3) or BH (Model 2-Model 4) can be noticed, the non detection so far of any signal, rules out all models except Model 3 9 . We show here the also result for two well studied GRBs:
The case of a BH remnant, of course, is not well modeled by our treatment, as one should expect a much larger GW emission, nonetheless, also considering our result as a lower limit, the non observation yet excludes the BH outcome. Table 4 . Progenitor mass in M , progenitor radius R P ROG in R . Remnant masses, radii and GW remnant emission frequency of GRB030329 and GRB060218 according to Model 3.
For the case of GRB060218 it is easy to see that both the progenitor masses and radii computed according to model 3, are in good agreement with the estimations by Campana et al 12 stating that observations provide strong evidence that the GRB progenitor was a WR star, being the star radius definitely smaller than 5 × 10 12 cm, i.e. smaller than the radius of the progenitors of type II SNe, like blue supergiants (4 × 10 12 cm for SN1987A) or red supergiants (3 × 10 13 cm). Fig. 1 . On top panel GW amplitudes for the GRB sample are shown for models 1 and 3 (blue and magenta circles respectively) together with GW emission by remnants (NS for these models, red and green circles) and overlapped to VIRGO and LIGO sensitivity curves from the scientific run (VIRGO) V SR2 and the scientific S6 run (LIGO), compared with the respective target curves 10, 11 . The GW amplitudes of GRB060218 and GRB030329 are also shown. On bottom panel the same is shown for models 2 and 4 (BH remnants). An interesting prediction of a remnant population of either millisecond pulsar (Model 1-Model 3: green and red circles top) or BH (Model 2-Model 4: red and green circles bottom) can be noticed.
